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4.12 Validation and Verification 1 

Validation and Verification is the System Engineering (SE) process that confirms that system 2 
requirements are correct and satisfied (Figure 4.12-1).  The Validation process confirms that the 3 
right system is being built (i.e., that the system requirements are unambiguous, correct, 4 
complete, consistent, operationally and technically feasible, and verifiable).  The Verification 5 
process ensures that the design solution has met the system requirements and that the system 6 
is ready for use in the operational environment for which it is intended.  This section describes 7 
the Validation and Verification process, including the inputs, outputs, and specific tasks of 8 
Validation and Verification. 9 

 10 
Figure 4.12-1.  Validation and Verification’s Role in System Development Process 11 

 12 
 13 

 14 
Figure 4.12-2.  Validation and Verification Activities 15 

The Validation and Verification activities, illustrated in Figure 4.12-2, are summarized below: 16 

• Requirements feed Validation.  During Validation activities, a Validation Table is 17 
developed that is included in a Validation Report when completed.  The Validation 18 
Report is an input to the requirements document.  The Validation Table becomes the 19 
basis for later Verification activities. 20 

• At the same time, work begins on Verification planning and is documented in a “living” 21 
joint SE and Test and Evaluation (T&E) Master Verification Plan (MVP)(described and 22 
developed under Integrated Technical Planning (Section 4.2)). 23 
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• After Verification planning is completed, a specification/approach for verifying each 24 
requirement is developed in Requirements Management (Section 4.3) and documented 25 
for each requirement in the Validation Table.  This update to the Validation Table 26 
transforms it to a Verification Requirements Traceability Matrix (VRTM), which becomes 27 
the foundation for the next activity and is included in the MVP as an update. 28 

• After Verification activities are performed, the VRTM is updated with evidence of 29 
completion of activities.  Using the updated VRTM, the Verification team develops the 30 
Requirements Verification Compliance Document (RVCD) to record completion of the 31 
Verification effort.  The RVCD also identifies system compliance or noncompliance with 32 
the set of requirements used for the Verification activities.  Program management uses 33 
this information for the Risk Management process  (Section 4.10). 34 

4.12.1 Validation 35 

As stated earlier, the Validation process (Figure 4.12-3) confirms that the right system is being 36 
built (i.e., that the system requirements are unambiguous, correct, complete, consistent, 37 
operationally and technically feasible, and verifiable).  The process is conducted in order to 38 
demonstrate that the requirements for a system are clearly understood and that it is possible to 39 
satisfy the requirements through design work using available state-of-the-art technology, 40 
funding, and schedule. 41 

 42 
Figure 4.12-3.  Validation Process-Based Management Chart 43 
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The Validation process is repeated incrementally at all stages of requirements development to 44 
ensure that the design at all levels is consistent with the intended mission.  Validation follows 45 
the development of system requirements.  Since these requirements are hierarchical in nature 46 
and developed in increasing detail as the lifecycle progresses, Validation is a staged process 47 
(Figure 4.12-4).  Thus, as each level of requirements is developed, the requirements at that 48 
level undergo Validation, after which each validated requirement undergoes Verification. 49 

 50 
Figure 4.12-4.  System Engineering “V” Diagram 51 
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associated values before development of solutions.  This activity helps to ensure that an 53 
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4.12.1.1 Definition of Validation 57 

There are multiple definitions of the Validation process, but, for the purposes of this manual and 58 
the Federal Aviation Administration (FAA), the accepted definition of the Validation process is: 59 

“the determination that the requirements for a product are sufficiently correct and 60 
complete.”  (SAE ARP 4761, 1996) 61 
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are consistent with the characteristics listed in Requirements Management (Section 4.3).  65 
Successful Validation confirms that the identified requirements are justified, relevant, and 66 
logically correct in terms of the customer’s needs and operating environment.  In addition, the 67 
Validation process also ensures that the identified set of requirements is complete (i.e., 68 
containing all essential elements).  To achieve Validation’s objective, Validation activities are 69 
performed as early as possible in the development phase after requirements are identified; thus, 70 
Validation follows requirements development and precedes design solution. 71 

The Validation process is conducted in order to find and correct poor requirements, which stem 72 
from three sources: 73 

• Ambiguous requirements statements 74 

• Incorrect (including unnecessary) requirements statements  75 

• Incomplete (or omitted) requirements statements 76 

4.12.1.3 Interfaces With Other System Engineering Processes 77 

The SE elements that interface with the Validation process appear in Figure 4.12-5 and are 78 
described in “Inputs to Validation” (Paragraph 4.12.1.4). 79 

 80 
Figure 4.12-5.  How Validation Interfaces with Other System Engineering Processes 81 
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• Stakeholder Needs 84 

• Standards 85 

• Technical Plans (Integrated Program Plan (IPP), National Airspace System (NAS) 86 
Architecture, and program System Engineering Management Plan (SEMP)) 87 

• Requirements 88 

• Functional Analysis (Functional Architecture, Operational Services and Environmental 89 
Description (OSED), and Concept of Operations (CONOPS)) 90 

• Operational Concept Demonstrations 91 

• Interface Requirements Document(s) (IRD) 92 

• Demonstrations 93 

• Design Analysis Reports (DAR) 94 

• NAS SEMP 95 

• Physical Architecture 96 

4.12.1.4.1 Stakeholder Needs 97 

The original Stakeholder Need generated from a NAS stakeholder (or stakeholders) to identify a 98 
capability shortfall requires Validation.  Once a Stakeholder Need is validated, SE continues to 99 
ultimately provide a balanced solution to the need. 100 

4.12.1.4.2 Standards 101 

Industry and government standards are additional inputs to the Validation process.  These 102 
documents often contain information required to validate the Requirements of a system not 103 
found in higher-level requirements documents.  They include publications and standards from 104 
the Society of Automotive Engineers (SAE) and/or the International Organization of Standards 105 
(ISO), as well as U.S. Government advisory circulars and FAA regulations. 106 

4.12.1.4.3 Technical Plans 107 

Technical plans are an output of the Integrated Technical Planning process (Section 4.2).  108 
These plans define the program’s tailored tasks for conducting Validation and Verification for a 109 
specific program.  The IPP lays out the overall program and details the program’s planned 110 
activities.  The FAA Acquisition System Toolset (FAST) (http://fast.faa.gov/ams/ippdesc.htm) 111 
supplies a complete description of the IPP, and Integrated Technical Planning discusses SE’s 112 
role in producing the IPP.  In addition to the IPP, the program’s SEMP and the NAS Architecture 113 
shall be used as inputs to the Validation process.  The NAS Architecture is considered a part of 114 
the technical plans package in that it defines the FAA framework for future systems in the NAS.  115 
This architecture is a useful resource for validating the Requirements for systems developed for 116 
NAS Modernization. 117 

4.12.1.4.4 Requirements 118 

Requirements documents are outputs from the Requirements Management process  119 
(Section 4.3).  These documents include the initial Requirements Document (iRD) and final 120 
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Requirements Documents (fRD) (as they become available), as well as supporting documents 121 
such as: 122 

• Program and technical requirements 123 

• Customer operational requirements, including the Mission Need Statement (MNS) 124 

• Regulatory, agency, and statutory requirements 125 

The Requirements are classified under several categories described in “Requirements 126 
Category” (Paragraph 4.3.3.2.1.4.3).  The two major categories are (1) program requirements 127 
and (2) technical requirements.  Program requirements are imposed on vendors through 128 
contracts, not specifications.  Technical requirements apply to the system or service under 129 
acquisition, and they are described in requirements documents, system specifications, and 130 
IRDs. 131 

4.12.1.4.5 Functional Analysis 132 

The Functional Analysis process (Section 4.4) is an SE tool that provides a functional (what the 133 
system does, not how) description of a system that becomes a framework for synthesis and 134 
requirements development.  It is recommended that the output of this process be used to 135 
validate Requirements.  The outputs of this process are: 136 

• Functional Architecture(s) 137 

• OSED; RTCA/DO-264, Appendix C, System Handbook (SSH), Sections 4.1.1 and 3.8 138 

• CONOPS 139 

4.12.1.4.6 Operational Concept Demonstrations 140 

Operational Concept Demonstrations (“Demonstrations” (Paragraph 4.8.0.4.8)) are conducted 141 
to determine and validate high-risk Requirements associated with an unvalidated CONOPS. 142 

4.12.1.4.7 Interface Requirements Documents 143 

IRDs are another example of system design information.  These documents, which are outputs 144 
of the Interface Management process (Section 4.7), provide a deeper understanding of the 145 
underlying interfaces, functions, and reasons for the Requirements.  These descriptions include 146 
the system-level interface definitions.  Part of the Validation of a system is the assurance that 147 
the Requirements for these interfaces are correct. 148 

4.12.1.4.8 Demonstrations 149 

Specialty engineers, as deemed necessary, often conduct Demonstrations (“Demonstrations” 150 
(Paragraph 4.8.0.4.8)) as part of analysis efforts (e.g., maintainability demonstration or human 151 
factors demonstrations).  These Demonstrations provide useful feedback on the effectiveness 152 
and value of various design alternatives.  Additionally, the Demonstrations may generate 153 
information for use while validating Requirements are being validated. 154 
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4.12.1.4.9 Design Analysis Reports 155 

DARs are outputs of the Specialty Engineering process (Section 4.8).  These reports document 156 
the results of the Specialty Engineering analyses, which may contribute to the identification, 157 
Validation, and Verification of Requirements. 158 

4.12.1.4.10 National Airspace System System Engineering Management Plan 159 

The NAS SEMP defines the overall plan for SE in the Acquisition Management System (AMS).  160 
This plan details who, what, when, and why SE tasks are performed in support of AMS 161 
programs.  The System Engineering Manual (SEM), on the other hand, defines how the SE 162 
processes are performed. 163 

4.12.1.4.11 Physical Architecture 164 

The Physical Architecture is essentially the engineering design of the system that is produced 165 
via the Synthesis process (Section 4.5).  This information may vary in detail, depending on the 166 
phase of the program.  This input is essential so that the persons responsible for the Validation 167 
process understand the product Requirements and configuration (if available).  Information 168 
includes: 169 

• Drawings (if updating current systems, and if they exist in the Validation phase) 170 

• Design descriptions 171 

• System descriptions 172 

4.12.1.5 The Validation Process 173 

The following sections describe the purpose, general outcomes/expectations, and tasks of the 174 
Validation process. 175 

4.12.1.5.1 Validation Process Purpose 176 

Validation is primarily performed to ensure the correctness and completeness of the 177 
requirements that define a system.  ARP 4754, Paragraph 7.1, defines correctness and 178 
completeness as follows: 179 

• Correctness of a requirements statement means the absence of ambiguity or error in its 180 
attributes 181 

• Completeness of a requirements statement means that no attributes have been omitted 182 
and that those stated are essential 183 

System requirements are analyzed to ensure that the defined set of Requirements is consistent 184 
with the operational need defined in the CONOPS, Specialty Engineering analyses, and MNS.  185 
The Validation process is conducted to provide objective evidence that the services provided by 186 
the system, as defined in the requirements document, comply with the Stakeholder Needs, as 187 
defined in the analyses, CONOPS, and MNS.  When variances are identified, they are recorded 188 
and used to guide corrective actions.  Because Validation is a comparative assessment of 189 
Requirements against needs, it also results in confirmation that Stakeholder Needs are correctly 190 
identified and requested.  Stakeholders normally ratify Validation of Requirements at the system 191 
level. 192 



[Section 4.12  Version 1.0 11/1/02] 

 4.12-8

“Task 5: Analyze Requirements Documents and System Analyses” (Paragraph 4.12.1.5.3.5) 193 
describes the desired attributes of Requirements.  The Requirements Management  194 
(Section 4.3) also describes the desired attributes of individual Requirements. 195 

4.12.1.5.2 Validation Process Objectives 196 

The general objectives of the Validation process include: 197 

• Development of the Validation Table and inclusion of the Validation Table in a Validation 198 
Report 199 

• Appending to or referencing by the existing requirements documents of the Validation 200 
Report  201 

• Confirmation that the system services required by stakeholders are properly 202 
documented in the Requirements 203 

• Confirmation that the stakeholder requirements faithfully describe the required system 204 
services 205 

• Reporting of nonconformance, which is used to guide corrective actions 206 

• Traceability of all requirements to higher-level Requirements 207 

• Documentation of the program’s concerns/issues and constraints 208 

4.12.1.5.3 Validation Process Tasks 209 

 All Requirements in all categories are required to be validated.  In general, the Validation of 210 
higher-level Requirements serves as a basis of Validation for lower-level Requirements.  The 211 
tasks involved in the Validation process are conducted in three phases: planning, evaluation, 212 
and documentation.  The recommended process tasks for validating Requirements are shown in 213 
Figures 4.12-3 and 4.12-6 and are described in the following paragraphs. 214 

 215 
Figure 4.12-6.  Overall Validation Process and Outputs 216 
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4.12.1.5.3.1 Task 1:  Collect Identified System Requirements and Constraints 217 

The initial step in the Validation process is to accept the set of Requirements to be validated 218 
from the Requirements Management process (Section 4.3).  In addition, the information 219 
required for Validation is gathered, which documents the baseline system requirements, 220 
resources, and constraints.  These documents are described in “Inputs to Validation” 221 
(Paragraph 4.12.1.4) and include the requirements documents, technical plans, and system 222 
description information. 223 

4.12.1.5.3.2 Task 2:  Review the Existing Technical Plans 224 

The next step is to review the program and acquisition plans, such as the IPP and the MVP, if it 225 
exists.  These plans include the Validation tasks to be performed; allocation of responsibility to 226 
organizations; schedule; and costs.  The objective is to define the strategy for validating the 227 
system’s services in its operational environment and achieving customer satisfaction in 228 
accordance with these plans.  This strategy depends on the lifecycle stage (e.g., whether a 229 
model, prototype, or actual product is being verified); on risks (e.g., novelty, safety, technical, 230 
and commercial criticality issues); and on the agreement and organizational constraints of the 231 
stakeholder requirements.  It is required that, where appropriate, Validation steps (e.g., various 232 
operational states, scenarios, and missions) be defined that progressively build confidence in 233 
compliance of the installed system and assist diagnosis of any noncompliance. 234 

NOTE 235 

Where Stakeholder Needs are unable to be specified in advance or change frequently, 236 
repeated Validation of (often rapidly developed) increments in system evolution may be 237 
employed to refine stakeholder requirements and mitigate risks in the correct 238 
identification of need.  For example, ISO 13407 describes an iterative lifecycle that 239 
involves users. 240 

4.12.1.5.3.3 Task 3:  Identify and Gather Resources 241 

At this stage, the Validation resources are formed from the appropriate SE resources.  These 242 
resources include tools, information, and organizations, including the execution teams, 243 
stakeholders, and SE. 244 

4.12.1.5.3.4 Task 4:  Enter the Identified Requirements Into a Validation Table 245 

This step involves entering or copying the Requirements from the requirements document into a 246 
table, spreadsheet, database, or other SE tool appropriate to managing the Validation of 247 
Requirements.  Table 4.12-1 shows an example of a typical Validation Table.  Each 248 
Requirement and specification that defines a system, at all levels, shall be listed in a Validation 249 
Table. 250 

 251 

 252 

 253 

 254 
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Table 4.12-1.  Example Validation Table 255 

(PUI) Requirement Requirements 
Document or 

specification? 

Validated?
Y/N Source(s) Location 

in Source 
Conformance 
information 

Corrective 
Action 
Owner 

Program 
Unique Iden-
tifier.  Enter a 
unique num-
ber here to ID 
the Require-
ment.  This ID 
is the 
paragraph 
number from 
the require-
ments 
document. 

Copy the 
Requirement 
here verbatim 
from the 
requirements 
document and 
specification. 

Identify where the 
Requirement is 
found. 

Indicate 
whether the 
Requirement 
was validated. 

…of Validation. 
Explain the 
source of the 
Validation, 
(e.g., a safety 
analysis or 
other means).
  

Where 
specifically in 
the source the 
Requirement 
is validated. 

State 
conformance 
basis.  If 
nonconformance 
is found, state 
recommended or 
required corrective 
action.  

Organization or 
individual that 
owns the 
conformance or 
corrective 
action 

3.2.1.1.1 The ADS-B 
system shall 
continue to 
operate normally 
in icing 
conditions up to 
heavy icing, as 
defined in 14 
CFR FAR 25.  
(example only) 

iRD YES or check IRD, ADS-B, 
OSA 

IRD:  
Paragraph 
3.2.1.1.1 

OSA:  
Paragraph 
2.5.5  

System safety 
confirms that icing 
is expected in the 
operational 
environment 
description. 

AND-710 

 

 256 

4.12.1.5.3.5 Task 5:  Analyze Requirements Documents and System Analyses 257 

During Task 5, a review of the existing requirements documents is performed.  Also during this 258 
task, the set of Requirements that is being evaluated for validity is compared to the existing 259 
higher-level requirements documents.  The Validation of higher-level Requirements may serve 260 
as the basis for Validation of lower-level Requirements, if traceability is demonstrable.  If the 261 
existence of a validated Requirement in a higher-level requirements document is shown, then 262 
lower-level Requirements that are traced from the validated Requirement may be partially 263 
validated on this basis.  The lower-level Requirements still need to meet the characteristics 264 
listed in “Validation Process Purpose” (Paragraph 4.12.1.5.1).  For example, assume that a 265 
Requirement is listed in a validated MNS and the current task is to validate the functional 266 
requirements.  If the functional requirement is traceable to a Functional Architecture based on 267 
the MNS (higher level), then the functional requirement (lower level) is considered partially 268 
validated by virtue of this traceability.  However, the functional requirement in this example still 269 
requires evaluation of the characteristics listed in “Validation Process Purpose.”  Once 270 
complete, the Requirement is considered validated. 271 

If a Requirement is not contained in a higher-level requirements document, then it is evaluated 272 
by detailed review of Functional Analyses, results of prototype evaluations, Specialty 273 
Engineering analyses in documented DARs, specified design guides, CONOPS, the NAS 274 
Architecture, and other industry and government standards that describe the system and assess 275 
the system’s needs and capability shortfalls.  These documents often contain information 276 
needed to validate Requirements not found in higher-level requirements documents.  In these 277 
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documents, the Verification team looks for candidate requirements, recommendations, 278 
functional requirements, and other information that confirm the need for the stated Requirement. 279 

The following Validation principles shall be employed when performing Validation activities: 280 

• Ensure that stakeholders and testers are an integral part of the Validation process 281 

• Perform research and analysis to find information and/or related Requirements that 282 
confirm the need for a particular Requirement (e.g., a set of related Requirements may 283 
confirm the need and validity of a derived Requirement) 284 

• Note Requirements that are unable to be confirmed; these Requirements are noted as 285 
nonconforming1 and evaluated for removal in the Requirements Management process 286 
(Section 4.3) 287 

• Conduct Validation activities to detect (in the system or services) the existence of 288 
random and systematic nonconformance to stakeholder requirements 289 

• Ensure that the Validation process is undertaken in a manner consistent with defined 290 
and documented organizational practices to minimize uncertainty in the replication of 291 
Validation actions, conditions, and outcomes 292 

• Maintain objective and authenticated records of Validation actions and outcomes 293 

• Conduct fault resolution of a nonconformance in the Requirements Management 294 
process to a level of resolution consistent with cost-effective remedial action, including 295 
revalidating following defect correction and/or organizational quality improvement actions 296 

• Conduct Validation activities to determine the correctness and completeness of the 297 
Requirements 298 

When Validation is performed, the following correctness and completeness checks (may be 299 
tailored by expansion) shall be completed at each level of the Requirements hierarchy: 300 

Correctness  301 

1. Requirements correctly stated: 302 

• What is required (design independent) 303 

• Unambiguous 304 

• Statements lead to appropriate design 305 

• Achievable with current or emerging technology 306 

• Requirement is verifiable 307 

• Stated for appropriate environmental conditions (ambient and operational) 308 

                                                 
1 Nonconformance means that a needed Requirement is missing, or an existing Requirement is unable to be 
validated.  In accordance with agreement terms or organizational objectives, Validation is conducted to isolate the 
part of the system that gives rise to a nonconformance, which may result in the need for corrective action and/or 
changes in quality management policy.  “Objective of Validation” (Paragraph 4.12.1.2) discusses the sources of 
nonconformance. 
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• Stated for normal and abnormal operations 309 

• Derived Requirements supported by analyses 310 

• Each Requirement has an identified source 311 

2. Requirements correctly reflect the analyses:  312 

• Appropriate analyses completed correctly 313 

• System hazards correctly identified and classified according to risk 314 

• System characteristics in DARs correctly identified and classified 315 

• Reliability, availability, fault detection, and tolerances identified 316 

3. Functions correctly identified: 317 

• Requirements based on functions 318 

• Functions significant to Requirements 319 

• Documented 320 

• Traced to higher functions 321 

• Constrained by higher-level Requirements 322 

Completeness 323 

1. Requirements traceable to an identified source: 324 

• Functional Analysis 325 

• Higher-level requirements documents 326 

• Safety assessments 327 

• Reliability, maintainability, and availability (RMA) analyses (Failure Modes and 328 
Effects Analysis (FMEA), Failure Modes and Effects Criticality Analysis (FMECA)) 329 

• Requirements identified in DARs (Specialty Engineering” (Paragraph 4.12.2.3.4)) 330 

• Derived Requirements 331 

• Regulations, standards, or statutory requirements 332 

• OSED 333 

• Integration requirements 334 

2. Constraints defined, substantiated, and addressed: 335 

• State of the art 336 

• Safety 337 

• Environment 338 

• Industry and FAA standards 339 

• Specify system implementation 340 
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3. System implementation specified: 341 

• Functional analysis completed 342 

• Requirements allocated to systems 343 

• Architecture defined at each functional level 344 

• Interfaces (internal and external) defined—human, hardware, software, physical, 345 
functional, procedural, and environmental (ambient and operational) 346 

4. All prohibited behaviors and characteristics explicitly stated 347 

5. All technical performance measures explicitly stated 348 

4.12.1.5.3.6 Task 6:  Document the Validation Information in the Validation Table 349 

During this task, Validation data is collected, classified, and collated in the Validation Table 350 
described in “Task 4: Enter the Identified Requirements Into a Validation Table” (Paragraph 351 
4.12.1.5.3.4) and in accordance with criteria defined in the program and acquisition plans.  This 352 
process categorizes conforming and nonconforming Requirements according to their source 353 
and corrective action owner.  The Validation data is then analyzed to detect essential features, 354 
such as trends and patterns of failure, evidence of systemic failings, and emerging threats to 355 
system services. 356 

4.12.1.5.3.7 Task 7:  Peer Review the Validation Table With Stakeholders 357 

During this task, the stakeholders of the system’s Requirements are identified.  Once the 358 
Validation Table is filled, the stakeholders review it.  Stakeholder comments are incorporated 359 
into the table, and the table is finalized. 360 

4.12.1.5.3.8 Task 8:  Document the Requirements Validation Analysis in the Validation 361 
Table and Include the Validation Table in a Validation Report 362 

The results of the Validation analysis are documented in the Validation Table, and the Validation 363 
Table is included in a Validation Report.  The Validation Report is transmitted to Requirements 364 
Management (Section 4.3).  This report is appended to or referenced by the requirements 365 
document.   366 

The Validation Report summarizes the Validation effort and results and communicates the 367 
Validation Table to other SE processes.  The following format shall be used as a guide for the 368 
contents and organization of a Validation Report. 369 

Validation Report format: 370 

I. Summary of Validation efforts and results 371 
a. Summarize the Validation results when locating conforming and nonconforming 372 

Requirements 373 

II. System and program description 374 

III. Methodology used 375 
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IV. Unvalidated Requirements 376 

a. List of nonconforming Requirements 377 

b. Recommendations for correction of nonconforming Requirements 378 

V. Validation Table 379 

VI. Discussion of trends and patterns of failure, evidence of systemic failings, and emerging 380 
threats to system services. 381 

4.12.1.6 Tailoring of Validation Activities 382 

Tailoring of a program’s Validation activities is limited to the following: 383 

• The specific means of Validation may include the techniques and tools employed and 384 
described in SAE ARP 4754, Section 7.7, if desired by the program 385 

• The specific contents of the Validation Report may be tailored to include additional 386 
information as specified in “Task 8:  Document the Requirements Validation Analysis in 387 
the Validation Table and Include the Validation Table in a Validation Report” (Paragraph 388 
4.12.1.5.3.8) 389 

4.12.2 Verification 390 
The Verification process ensures that the design solution has met the system requirements and 391 
that the system is ready for use in the operational environment for which it is intended.  This 392 
description means that a verified system is able to demonstrate (show evidence) that it complies 393 
with mission need; functional, performance, allocated, derived, and interface requirements; and 394 
design and allocated constraints that achieve stakeholder needs.  The Verification process 395 
(Figures 4.12-4 and 4.12-7) supports system evolution at all levels of the system’s lifecycle, 396 
from concept to advanced studies and preliminary analyses to design and development, 397 
culminating in the production, product acceptance, operational, and disposal phases. 398 
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 399 
Figure 4.12-7.  Verification Process-Based Management Chart 400 

4.12.2.1 Objectives of Verification 401 

The major objectives of the Verification process are to confirm that: 402 

• Intended functions are correctly implemented and that the system is operationally ready 403 
and acceptable to the users 404 

• Requirements are satisfied 405 

• Specialty Engineering analyses, including lifecycle, remain valid for the system as 406 
implemented 407 

Successful Verification confirms that the development process has provided a system 408 
consistent with stakeholder needs and compliant with the system’s validated requirements.  It is 409 
a basic principle to verify all requirements in the system’s requirements documents.  This 410 
principle does not imply that a test is required for every requirement, but it does imply the need 411 
to conduct some form of Test and Evaluation (T&E) and/or SE Assessment at an appropriate 412 
level to ensure that all requirements are satisfied. 413 

The broad range of product development cycles and levels of product development complexity 414 
require that the Verification process be tailored to each project.  415 

The expected outcomes of Verification are the development of: 416 

• MVP (from the Integrated Technical Planning process (Section 4.2)) 417 

• VRTM 418 

• Individual T&E and SE Assessment plans 419 

• T&E procedures 420 
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• Verification Readiness Reviews (VRR) (if applicable) 421 

• T&E and SE Assessment reports, which detail specific test results and assessments 422 

• RVCD, which provides documentation that the system product conforms to system 423 
requirements and includes nonconformance reports 424 

4.12.2.2 Definition of Verification 425 

The accepted definition of verification for this manual and the FAA is: 426 

“the evaluation of an implementation [system] to determine that applicable 427 
requirements are met.”  (SAE ARP 4761, 1996) 428 

Verification is the composite of all tasks, actions, and activities performed on system elements 429 
that are required in order to evaluate the progress and measure the effectiveness of evolving 430 
system products and processes in meeting system requirements.  There are two basic and 431 
complementary methods of Verification: T&E and SE Assessment, as shown in Figure 4.12-8. 432 

4.12.2.2.1 Test and Evaluation Verification 433 

It is recommended that T&E programs be structured to: 434 

• Provide essential information to support decisionmaking 435 

• Provide essential information to assess technical and acquisition risk 436 

• Verify the attainment of technical performance specifications and objectives 437 

• Verify that a system is operationally effective and suitable for its intended use 438 

It is also recommended that T&E objectives for each AMS lifecycle phase be designed to 439 
mitigate potential operational risks and to demonstrate system performance appropriate to that 440 
phase.  Quantitative criteria provide substantive evidence for analysis of hardware, software,  441 
and system maturity and readiness to proceed through the acquisition management process. 442 

 443 
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Figure 4.12-8.  Components of Verification 444 

It is recommended that each T&E phase have specific milestones (entrance and exit criteria) 445 
that are satisfied before the next T&E phase is entered.  Parallel testing is encouraged when it 446 
is more efficient and at least as effective as serial testing. 447 

It is highly desirable that system performance be established by test under actual (or simulated) 448 
operating conditions; however, these conditions may not be possible until the system is 449 
deployed.  Problems uncovered at deployment are costly to correct; therefore, a combination of 450 
inspection, analysis, and test often is employed during program development to detect problems 451 
early, thereby reducing risk and helping to ensure a successful, cost-effective program.  452 

Compliance with each requirement in a specification shall be verified by one or more of the 453 
methods described in this manual and as indicated in the VRTM. 454 

T&E methods include: 455 

• Verification by Demonstration.  This method includes Verification accomplished by 456 
operation, adjustment, or reconfiguration of items performing their design functions 457 
under specific scenarios.  The items may be instrumented and quantitative limits of 458 
performance monitored; however, only check sheets are required rather than recordings 459 
of actual performance data.  This method is used when actual demonstration techniques 460 
may be used to verify compliance with a requirement.  Observations made by engineers 461 
or instrumentation are compared with predetermined responses based on the 462 
requirements.  An example of this Verification method is the demonstration of installing 463 
and uninstalling an aircraft engine in a specified amount of time .  Demonstration is often 464 
used to verify compliance with requirements in servicing, reliability, maintainability, 465 
transportability, and human factors engineering. 466 

• Verification by Test.  This method is accomplished through systematic exercising of the 467 
application item under appropriate conditions, with or without instrumentation, and the 468 
collection, analysis, and evaluation of quantitative data. 469 

• Verification by T&E Analysis.  This method is accomplished by technical or 470 
mathematical evaluation, mathematical models or simulation, algorithms, charts, circuit 471 
diagrams, and representative data. 472 

• Verification by Inspection.  This method is accomplished by visually examining the 473 
item, reviewing descriptive documentation, and comparing the appropriate 474 
characteristics with predetermined standards to determine conformance to requirements 475 
without the use of laboratory equipment or procedures.  Inspection is generally 476 
nondestructive and uses the senses of sight, hearing, smell, touch, and taste; simple 477 
physical manipulation; mechanical and electrical gauging and measurement; and other 478 
means of investigation.  Inspection often verifies the physical design features of a 479 
system as well as construction features, workmanship, dimensions, quality, and physical 480 
conditions, such as cleanliness, installation, and finishing.  Inspection may include 481 
reviews of documentation, system descriptions, and other materials to compare the 482 
actual system with predetermined standards. 483 

The Test and Evaluation section of the FAST (http://fast.faa.gov/toolsets/index.htm) provides 484 
specific guidelines to conduct T&E.  485 
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4.12.2.2.2 Verification by System Engineering Assessment  486 

It is recommended that Verification by SE Assessment be conducted to support the 487 
development of products, services, and processes necessary to verify that system end-items 488 
satisfy their requirements.  Verification assessment addresses Verification requirements and 489 
criteria for solution alternatives; definition of Verifications to demonstrate proof of concept; and 490 
development, qualification, acceptance, pertinent operational, and other testing.  The 491 
assessment may also consider the requirements and procedures needed to verify critical 492 
Verification methods and processes (e.g., Verification of key methods and assumptions and the 493 
data used in Verification by analysis).  494 

It is suggested that Verification assessment be initiated when a design concept is established.  495 
The Verification assessment is drawn from the MVP and the results of the Validation effort.  496 
According to the Integrated Technical Planning process (Section 4.2), the objective of the MVP 497 
is to define all Verification activities that demonstrate the system’s capability to meet the 498 
requirements of its specification.  These activities shall be fully integrated to ensure that 499 
adequate data is provided at minimum cost within the allotted timeframe.  A continuing feedback 500 
of Verification data throughout product development, test, and evaluation is necessary to reduce 501 
risk and to detect problems early.  The goal is to completely verify the system’s capability to 502 
meet all requirements before production and operational use.  503 

SE Assessment methods include: 504 

• Verification by Engineering Analysis.  This process includes the techniques of SE 505 
analysis, Specialty Engineering, statistic and qualitative analysis, simulations, and 506 
modeling.  Engineering analysis is used when testing is not feasible, similarity is 507 
nonapplicable, and inspection is inadequate. 508 

• Verification by Similarity.  This process assesses compliance with requirements by 509 
reviewing a similar system’s test data, configuration, and applications.  This method is 510 
only used when the systems are similar in design and manufacturing, and the prior 511 
system was qualified to equivalent or greater specifications.  Great care is taken to 512 
ensure that the intended application environment of the emerging system is identical or 513 
less rigorous than the environment of the previous system testing. 514 

• Validation of Records.  This process reviews manufacturing records at end-item 515 
acceptance to verify features and requirements of the system. 516 

• Simulation.  This process verifies design features, system behavior, and performance 517 
using simulated models of the system. 518 

• Review of Design Documentation.  This process uses the disciplined review of design 519 
documentation, such as reports and drawings from Acquisition Reviews, Design 520 
Reviews (preliminary and critical), and other evaluations. 521 

• Physical Examination.  This process assesses compliance with requirements by 522 
visually inspecting a physical item or configuration according to preestablished criteria. 523 

4.12.2.3 Interfaces With Other System Engineering Processes 524 

Verification has multiple interfaces with other SE elements.  These interfaces are shown in 525 
Figure 4.12-9 and described in the following paragraphs.  526 
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 527 
Figure 4.12-9.  Verification Interfaces With Other System Engineering Elements 528 

4.12.2.3.1 Requirements Management 529 

Requirements documents are outputs from the Requirements Management process  530 
(Section 4.3).  These documents include the iRD and fRD, as well as underlying documents, 531 
such as customer operational requirements, system and technical requirements, and regulatory, 532 
agency, and statutory requirements.  These documents also include the MNS and any 533 
Verification specification documents.  The execution teams manage these documents.  534 

4.12.2.3.2 Synthesis 535 

System, subsystem, component, and procedural designs comprise the outputs of the Synthesis 536 
process (Section 4.5).  The information contained in these designs and, in some cases, test 537 
articles and/or prototypes is required for Verification. 538 

4.12.2.3.3 Integrated Technical Planning 539 

Technical plans are an output of the Integrated Technical Planning process (Section 4.2).  They 540 
define the program’s tailored tasks for a specific program.  The IPP lays out the overall program;  541 
The MVP comes from the Integrated Technical Planning process but is a separate plan.  542 
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4.12.2.3.4 Specialty Engineering 543 

Specialty Engineering (Section 4.8) both feeds and is fed by the Verification process.  Specialty 544 
Engineering often is a source of requirements and design constraints that require Validation and 545 
Verification.  In addition, Specialty Engineering analyses often are used to assist in the 546 
Verification of requirements as part of assessment.  Specialty Engineering DARs are the major 547 
outputs of the Specialty Engineering process.  These reports document the results of the 548 
Specialty Engineering analyses, which may result in the identification and Validation and 549 
Verification of requirements.  Once Verification is complete, the verified requirements are 550 
checked to ensure that the Specialty Engineering DARs reflect the Verification.  551 

4.12.2.3.5 Risk Management 552 

Risk Management (Section 4.10) is another SE element that both feeds and is fed by the 553 
Verification process.  Risk Management is able to drive the Verification of high-risk 554 
requirements.  In addition, all requirements that fail to meet verification criteria are considered a 555 
risk to the program.  These requirements become inputs to the Risk Management process for 556 
mitigation. 557 

4.12.2.3.6 Interface Management 558 

Results of the Interface Management process (Section 4.7) provide a deeper understanding of 559 
the underlying physical and functional interfaces of the system requirements.  The interface 560 
documentation includes the system-level interface definitions. 561 

4.12.2.3.6.1 Lifecycle Engineering 562 

Lifecycle Engineering (Section 4.13) is another SE element that both feeds and is fed by the 563 
Verification process.  This element provides supportability, deployment and transition, real 564 
estate and disposal requirements, and design constraints.  These requirements and design 565 
constraints undergo the Verification process to ensure compliance. 566 

4.12.2.4 Inputs to Verification 567 

There are four major input categories to Verification: 568 

• Technology 569 

• Technical Plans 570 

− IPP 571 

− MVP 572 

− Program SEMP 573 

− NAS Architecture 574 

• Requirements 575 

− Requirements documents and associated Validation Reports 576 

− VRTM templates populated with Requirements 577 

• Design information and Test and Assessment articles 578 
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− Functional Architecture 579 

− Physical Architecture 580 

− Interface Control Documents (ICD) 581 

− Demonstrations 582 

− Verification Criteria 583 

− DARs 584 

− Updated Baselines  585 

− Configuration Status Report 586 

− Approved Baseline Changes 587 

4.12.2.4.1 Technology 588 

State-of-the-art Technology constrains the means of Verification.  Therefore, it is critical that this 589 
factor be considered in the development of the Verification approach. 590 

4.12.2.4.2 Technical Plans 591 

These plans, developed via the Integrated Technical Planning process (Section 4.2), detail the 592 
overall vision for executing the program, including the timing and sequence of Verification.  The 593 
plans that need to be collected to properly conduct Verification include the IPP, the MVP, and 594 
program SEMP.  The NAS Architecture is also a valuable input in that it defines the FAA 595 
framework in which the system being verified eventually operates.  596 

4.12.2.4.3 Requirements 597 

Requirements documents are an output of the Requirements Management process  598 
(Section 4.3).  These documents include customer operational requirements, as well as 599 
regulatory agency and statutory requirements.  With Validation Reports (and associated 600 
Validation Tables) and Verification specifications included, these documents are the primary 601 
source of information for the Verification process.  Phase-specific implementation teams 602 
maintain requirements documents.  It is recommended that these documents include the most 603 
up-to-date information from interfaces, Functional Analyses, Specialty Engineering analyses, 604 
and system configuration. 605 

4.12.2.4.4 Design Information and Test and Assessment Articles 606 

This input is essential to understanding the product configuration.  (Configuration Management 607 
(Section 4.11) supplies a complete description of this process.)  To develop the MVP and the 608 
individual test plans, the system engineer needs any available design information, including 609 
Physical Architectures, drawings, interface documents, system design specifications, functional 610 
specifications, product specifications, and test equipment designs.  This information also 611 
includes Specialty Engineering DARs used for the assessment.  In addition, Functional 612 
Architectures and their associated analyses need to be available.  The results of the Functional 613 
Analyses provide a deeper understanding of the underlying functions and reasons for the 614 
Requirements.  ICDs, if they exist at the time of Verification, are also required.  These 615 
documents provide detailed information on the interfaces involved in system operation.  Part of 616 
the Validation and Verification of a system is the assurance that the Requirements for these 617 
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interfaces are correct and satisfied.  The Test and Assessment Articles are the constituent 618 
pieces of the system, or the system in its entirety, on which Verification is performed. 619 

4.12.2.5 The Verification Process 620 

Verification is accomplished through a combination of T&E and SE Assessment.  The general 621 
Verification process tasks are grouped into three distinct phases: planning, Verification 622 
activities, and documentation.  Planning and documentation are common to both T&E and SE 623 
Assessment.  Planning includes  determination of the resources required, sequence and timing 624 
of activities, data and documentation to be produced, and establishment of the assessment 625 
criteria.  The results of the planning effort are documented in the MVP.  The documentation 626 
phase includes those tasks taken to ensure that evidence of completion is recorded and 627 
collated.  The activity phase includes the processes or tasks in which the actual Verification 628 
methods are employed, whether they are T&E or SE Assessment.  These processes are 629 
described below. 630 

4.12.2.5.1 Process for Verification by Test and Evaluation 631 

Specific guidelines for planning and conducting a T&E process are included in the FAA AMS 632 
Test and Evaluation Process Guidelines located under Test and Evaluation in the index of the 633 
FAST (http://fast.faa.gov/toolsets/index.htm). 634 

4.12.2.5.2 Process for Verification by System Engineering Assessment 635 

Verification by the SE Assessment is accomplished simultaneously and is fully coordinated with 636 
other SE processes—Integrated Technical Planning (Section 4.2); Requirements Management 637 
(Section 4.3); Interface Management (Section 4.7); Specialty Engineering (Section 4.8); and 638 
Risk Management (Section 4.10)—and test functions to ensure project costs, schedules, and 639 
risk implications are managed efficiently.  The program plan for the Validation and Verification 640 
process is documented in specific detail in the MVP and in general  in the IPP.  Figure 4.12-10 641 
depicts the overall Verification process. 642 

 643 

 644 

 645 

 646 

 647 

 648 
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 649 
Figure 4.12-10.  General Verification Process and Outputs  650 

4.12.2.5.2.1 Verification Process Purpose 651 

Through assessment of the system product, the Verification process demonstrates that system 652 
behavior and characteristics comply with the specified Requirements.  Verification provides the 653 
information required to effect the remedial actions necessary to correct nonconformance in the 654 
realized system or the processes that act on it. 655 

4.12.2.5.2.2 Verification Process Tasks 656 

The recommended process tasks for conducting Verification of Requirements by SE 657 
Assessment are shown in Figure 4.12-7 and are described in the following paragraphs.  658 

4.12.2.5.2.2.1 Task 1:  Collect Applicable Information 659 

At minimum, the inputs discussed in Paragraph 4.12.2.4 shall be collected and reviewed for 660 
impacts on the Verification process.  For instance, the DARs generated by Specialty 661 
Engineering (Section 4.8) may have identified special Verification procedures or needs. 662 

4.12.2.5.2.2.2 Task 2:  Obtain Master Verification Plan From Integrated Technical 663 
Planning or Develop It Now 664 

As the Verification approach is refined, the facilities, budget, schedules, personnel, test articles, 665 
instrumentation, and data necessary to accomplish the Verification events are also identified, 666 
coordinated, and approved with the appropriate decision authorities, resulting in an approved 667 
Verification plan for the program.  This strategy and overall plan for the Verification process is 668 
documented in the MVP, which is delivered from the Integrated Technical Planning process 669 
(Section 4.2) to “Task 7: Execute Verification Procedures” (Paragraph 4.12.2.5.2.2.7).  The MVP 670 

VRTM

Design
Info

RVCD

Requirements
Management

Risk
Management

Specialty
Engineering

Interface
Management

Other System Engineering Processes 

Integrated 
Technical 
Planning

Verification 
Process

Populate VRTM

Develop Verification
Approach

(from Reqmts Mgmt)

Develop Master 
Verification Plans

(from Int Tech Planning)

Execute Verification
Procedures

Conduct VRR
(if applicable)

Develop Individual 
Verification Procedures

Develop Verification
Reports

Plans Develop RVCD

Collect
Info



[Section 4.12  Version 1.0 11/1/02] 

 4.12-24

is required to provide the content and depth of detail necessary for understanding the 671 
Verification activities.  Each major activity is defined and described in detail.  The MVP covers 672 
all qualification, acceptance, predevelopment, operational, and disposal Verification activities for 673 
hardware, software, and procedures.  The MVP provides a general schedule and sequence of 674 
events for major Verification activities.  It also describes test hardware and software, support 675 
equipment, and facilities required to support Verification activities.  The MVP is developed  by 676 
design, system, and test engineers with a thorough understanding of the requirements 677 
document, segment requirements and specifications, and Validation Table.   678 

It is recommended that the following activities be completed during the planning stage: 679 

• Identify the system and system configuration, including definition of test equipment and 680 
telemetry, facilities, and support equipment 681 

• Identify and collate all Requirements appropriate to the (level of) Verification 682 

• Define the specific Verification method employed for each Requirement 683 

• Define the criteria used to evaluate the evidence from each Verification for each 684 
Requirement 685 

4.12.2.5.2.2.3 Task 3:  Develop Verification Approach 686 

Simply put, the Verification approach is how the Requirements are going to be verified.  This 687 
approach is developed in Requirements Management (Section 4.3) and documented in the 688 
VRTM.  This task includes the activities of receiving, updating, analyzing, decomposing, and 689 
summarizing Requirements to ensure that they are economically and efficiently measurable and 690 
are able to be appropriately distributed for Verification planning.  The purpose of the Develop 691 
Verification Approach activity is to determine and document the Verification approach to ensure 692 
that the product is compliant with the identified Requirements. 693 

In this step, the Verification specification (from Requirements Management) is used to develop a 694 
Verification approach for each Requirement documented in the Validation Table.  The Validation 695 
Table is further refined into a VRTM.  The VRTM is the heart of the Verification process.  The 696 
strategy or method used to verify each Requirement is specified in a Verification Requirement, 697 
and the Verification Requirements are listed in the VRTM.  The VRTM defines how each 698 
Requirement (functional, performance, design, etc.) is to be verified, the stage in which the 699 
Verification is to occur, and the applicable Verification levels.  The VRTM essentially establishes 700 
the basis for the Verification program.  SE and the Verification team develop the VRTM 701 
together.  The T&E and the SE Assessment methods available for use are discussed in detail in 702 
Paragraphs 4.12.2.2.1 and 4.12.2.2.2.  Table 4.12-2 is an example VRTM.  Specific guidelines 703 
for the VRTM are included in the Test and Evaluation section of the FAST 704 
(http://fast.faa.gov/toolsets/index.htm). 705 

 706 

 707 

 708 

 709 

 710 
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Table 4.12-2.  Sample Verification Requirements Traceability Matrix 711 

Section 3 
Requirements 

Paragraph 
Reference for 

Specification SCN 
(Paragraph No./Title) 

Requirement 
Description 

Verification  Method 
(Test, Demonstration, 
Analysis, Inspection, 
Engineering Analysis, 

Similarity, Validation of 
Records, Simulation, 

Documentation) 

Verification Plan 
(Indicate which plan describes the 

Verification of the requirement) 
Remarks 

3.1.1.1 
Aircraft I.D.  T = Test   

3.1.1.2  D = Demonstration   
3.1.1.3  A = Analysis    
3.2.1.1 
System Alignment  I = Inspection   

3.3.1.1 
Transmit Time  EA = Engineering Analysis   

3.3.1.2 
Receive Time  SY = Similarity   

3.3.1.3 
Process Time 

 VR = Validation of 
Records   

3.3.1.4 
Display Time 

 SM = Simulation   

3.3.1.5 
System Check 

 DC = Documentation   

 712 

4.12.2.5.2.2.4 Task 4:  Populate the Verification Requirements Traceability Matrix 713 

Verification is performed at all levels in a system.  Each Requirement is verified either by test, 714 
SE Assessment, or both, as appropriate.  As mentioned earlier, the strategy or method used to 715 
verify each Requirement is specified in a Verification Requirement, and the Verification 716 
Requirements are documented in the VRTM.  It is recommended that a description of the test or 717 
SE Assessment and the criteria used to determine conformance and disposition of each 718 
Verification Requirement be included in the VRTM. 719 

4.12.2.5.2.2.5 Task 5:  Develop Individual Verification Procedures  720 

This process is the detailed development of Verification procedures and resources that achieve 721 
specified Verification objectives using approved agency and regulatory procedures.  Specific 722 
guidelines on content and format are included in Sections 6 and 7.1 of the FAST and Test and 723 
Evaluation Guidelines (http://fast.faa.gov/toolsets/index.htm). 724 

The product Verification procedures consist of step-by-step directions to conduct the actual 725 
product Verification at any level.  Traceability to all Requirements in the VRTM shall be shown 726 
as an integral part of these procedures.  The procedure is tailored to the Verification activity that 727 
is to be performed to satisfy Requirements and may be a test, SE Assessment, or a 728 
combination of both.  The as-run and certified copy of the procedure is maintained as part of the 729 
project’s archives as test or SE Assessment plans.  730 
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All Verification procedures for both hardware and software include development of test plans, 731 
procedures, and test cases.  The process includes performing timing and sizing analysis 732 
Verification at the subsystem and system levels.  The results of these analyses are maintained 733 
in the test or SE Assessment plans. 734 

The process also performs abnormal and erroneous condition testing at the subsystem and 735 
system levels.  The process includes the use of regression test procedures for hardware and 736 
software integration, subsystem test, and integration and system test, including the use of a 737 
core test process, if planned. 738 

The Verification process incorporates any commercial-off-the-shelf (COTS) software or 739 
hardware in the system integration and test planning. 740 

4.12.2.5.2.2.6 Task 6:  Conduct Verification Readiness Review 741 

A VRR or equivalent is held before each major Verification or groups of smaller Verifications 742 
with common elements.  The VRR is conducted to ensure that all SE considerations are 743 
satisfied and that the readiness of all support, test, and operational systems is in order to 744 
perform the Verification process.  The VRR includes a detailed review of the status of the 745 
facilities, ground support equipment, Verification design, software, procedures, and Verification 746 
Requirements.  In addition, Verification activities and schedules are outlined, and 747 
organizational/personal responsibilities are identified.  Emphasis is on ensuring that all 748 
Verification Requirements identified for each Verification method or technique are included in 749 
the Verification design and procedures. 750 

A key feature of the Verification approach is the non-advocate aspect (i.e., it is a principle of the 751 
Verification process that the person or group performing the design not execute the Verification 752 
activities).  The same principle applies to planning and conducting the Verification design itself.  753 
The VRR is conducted to ensure that Verification activities are planned adequately and that 754 
risks are controlled.  It is recommended that the VRR be chaired by senior personnel not 755 
associated with the program but who possess some expertise in the systems and operations 756 
under evaluation.  The program implementation teams manage the VRR. 757 

4.12.2.5.2.2.7 Task 7:  Execute Verification Procedures 758 

This task is the actual product of the Verification process (i.e., the conduct of tests or SE 759 
Assessment).  The process of product Verification confirms through documented evidence of 760 
Verification activities that production-representative hardware and software are in compliance 761 
with functional, performance, and design requirements.  762 

The Verification team is responsible for performing product Verification, which consists of 763 
preparation for product Verification, execution of product Verification activities, and product 764 
post-verification and documentation.  Specific guidelines for the test process are found in the 765 
Test and Evaluation Guidelines in the FAST (http://fast.faa.gov/).  When performing test 766 
Verification, the Verification team shall consult this document for specific instructions.  Specialty 767 
Engineering (Section 4.8) supplies specific guidelines on conducting system (specialty) 768 
engineering assessments. 769 

Responsibilities of the Verification team during the preparation phase of a Verification program 770 
using testing and demonstration may include: 771 

• Design, fabrication, and/or preparation of the Verification setup 772 
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• Verification facility 773 

• Verification fixture and/or stations 774 

• Data acquisition, reduction, and archive system 775 

• Verification control system 776 

• Instrumentation system 777 

• Design and fabrication of Verification article hardware/software 778 

• Conduct of make-or-buy analyses for Verification setup hardware and software 779 

• Coordination of Verification article delivery 780 

• Coordination of Verification setup hardware/software delivery 781 

• Coordination of support equipment and special Verification 782 

• Preparation of Verification safety, hazard, and environmental compliance plans 783 

• Assembly and installation of the Verification article, fixture, and setup 784 

• Implementation of serial numbered component installation/removal records 785 

• Installation of Verification instrumentation  786 

• Preparation of instrumentation installation drawings 787 

• Implementation of instrumentation installation/removal records 788 

• Management of Verification configuration control 789 

• Verification articles 790 

• Instrumentation and measurements 791 

• Data acquisition and reduction system 792 

• Verification support software 793 

• Checkout and maintenance of the Verification setup hardware and software 794 

• Coordination of Verification article configuration buyoff and/or conformity approval 795 
inspections 796 

• Conduct of preverification conference or VRR (or equivalent) 797 

• Management and status reporting of Verification preparation activities 798 

During the preparation phase, quality-control members of the Verification team establish/verify 799 
conformity of Verification articles, establish/verify conformity of the Verification methods, and 800 
check/verify systems and operations. 801 

Responsibilities of the Verification team during the product Verification execution may include: 802 

• Maintenance of detailed Verification notes/logs, including all deviation from the MVP 803 

• Management of Verification configuration control 804 

• Verification facility 805 

• Verification fixture and/or stations 806 
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• Verification article 807 

• Instrumentation and measurements (if required) 808 

• Data acquisition and reduction system (if required) 809 

• Verification support software 810 

• Coordination of Verification article configuration and/or conformity approval inspections 811 
(if required) 812 

• Coordination of Verification witnessing 813 

• Checkout and maintenance of the Verification setup hardware and software 814 

• Management of calibrated equipment (if required) 815 

• Execution of Verification in accordance with approved MVP 816 

• Validation, collection, reduction, archive, and delivery of Verification data 817 

• Management and status reporting of Verification activities 818 

• Conduct of post-verification inspections 819 

• Identification of readiness criteria for formal and informal system and subsystem test 820 

• Conduct of unit tests on software code changes before they are incorporated; review of 821 
software code changes for correctness and the avoidance of undesired impact on other 822 
software and system variables and components 823 

4.12.2.5.2.2.8 Task 8:  Develop Verification Reports 824 

When product Verification is complete, the Verification team is responsible for conducting a 825 
post-verification review and preparing a report to disseminate the results.  The purpose of the 826 
Verification report is to determine compliance with the Verification Requirements. 827 

Documentation of product Verification is completed by the Verification team and distributed to all 828 
interested parties.  This documentation includes reports that detail the Verification results, 829 
including nonconformances, failure analyses, and other findings. 830 

It is recommended that a Verification report be provided for each test and SE Assessment and, 831 
at minimum, for each major Verification activity.  If testing occurs over long periods of time or is 832 
separated by other activities, Verification reports may be required for each individual Verification 833 
activity.  It is recommended that Verification reports be completed within a few weeks following 834 
a test and include evidence of compliance with the Verification Requirements for which it was 835 
conducted.  The Verification report documents the steps that were taken to ensure that the 836 
Verification process was followed and that the Verification decisions were sound. 837 

Guidelines for developing and formatting specific types of T&E reports are specified in the Test 838 
and Evaluation section (specifically, Section 6) of the FAST (http://fast.faa.gov).  For Verification 839 
by SE Assessment, it is recommended that the Verification report be documented as a DAR, as 840 
defined in Specialty Engineering (Section 4.8). 841 

4.12.2.5.2.2.9 Task 9:  Develop Requirements Verification Compliance Document 842 
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The RVCD provides the evidence of compliance for each Requirement at all levels and to each 843 
VRTM Requirement.  The flow down from the requirements documents to the VRTM completes 844 
the full Requirements traceability.  Compliance with all the Requirements ensures that the 845 
system-level Requirement have been met.   846 

The RVCD defines, for each Requirement, the methods of Verification and corresponding 847 
compliance information.  The results of the Verification activity, including evidence of 848 
completion, are recorded and documented in the RVCD.  The RVCD contains information 849 
regarding the results of each Verification activity and a description and disposition of 850 
conformance, nonconformance, conclusions, and recommendations.  The compliance 851 
information provides either the actual data or a reference to the location of the actual data that 852 
shows compliance with the Requirement.  The document also includes a section that details any 853 
noncompliance; this section specifies appropriate reverification procedures.  The RVCD is an 854 
input to the Requirements Management process (Section 4.3); decisions regarding what to do 855 
with noncompliant Requirements are made during this process. 856 

The specific compliance information may reference a test or SE Assessment report, automated 857 
test programs, or any other data generated in the Verification process.  These inputs usually 858 
occur over a lengthy period of time and may be continuous on large programs. 859 

Up-to-date information shall be maintained in the compliance document (RVCD) for the VRR for 860 
elements already verified.  The RVCD is not baselined because it is updated throughout the 861 
program’s lifecycle.  862 

The purpose of this process is to analyze the data and results from “Task 7: Execute Verification 863 
Procedures” (Paragraph 4.12.2.5.2.2.7).  If the Requirements have not been satisfied, 864 
coordination shall occur (with customer/stakeholder involvement, as necessary) to determine 865 
the impacts on the Requirements, design, and Verification approach.  As a result of the impact 866 
analysis, compliance reports are generated, and the appropriate action(s) regarding the 867 
noncompliance are taken.  This activity is iterative and shall be performed each time “Task 7: 868 
Execute Verification Procedures” is initiated.  It is recommended that compliance reports include 869 
Requirements’ identification information, compliance status, and Verification approach 870 
information. 871 

The Validation and Verification process is completed when the information in the RVCD 872 
documents that all identified Requirements have been addressed by Verification activities and 873 
the product is compliant.  When product Verification is completed, SE is responsible for 874 
completing/updating the RVCD.  875 

4.12.2.6 Disposal of Resources 876 

This process obtains formal direction or consent for shipment, contract transfer, sale, scrap, 877 
donation, or abandonment of Verification activity resources.  Disposition ensures the safe 878 
deactivation and disposal of all system products and processes and that Verification necessary 879 
to establish compliance with disposal requirements are finished.  880 

Once product Verification is completed, accepted, and documented by SE and the Verification 881 
team, the Verification team is responsible for identifying unused, excess, or obsolete Verification 882 
resources.  Depending upon resource ownership, required disposal documentation is submitted, 883 
and resource disposal is accomplished.  All resource disposal actions are documented and filed 884 
or archived, as required.  885 
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4.12.3 Outputs of Validation and Verification 886 

The major outcomes of the Validation and Verification process are: 887 

• Planning criteria for the Integrated Planning (Section 4.2) process to develop and 888 
complete the MVP (as well as the IPP and program’s SEMP) 889 

• Constraints that may affect Trade Studies activities (Section 4.6) 890 

• Concerns/issues (Appendix D) for the Risk Management process (Section 4.10) to 891 
analyze 892 

• Outputs unique to the Validation process 893 

− Validated Need 894 

− Validation Table documented in the Validation Report 895 

• Outputs unique to the Verification process 896 

− VRTM populated with Verification results 897 

− RVCD 898 

− Tools/Analysis Requirements for conducting planned Verification approach(es) 899 

− T&E and SE Assessment plans (internal to Validation and Verification) 900 

− VRRs (internal to Validation and Verification) 901 

− Verification documentation, including Verification reports (internal to Validation and 902 
Verification) 903 

4.12.4 Validation and Verification Tools 904 
There are several dedicated tools available to assist in managing the relationship between 905 
requirements, their validity, and their verification method.  The selection of tool(s) shall ensure 906 
that the data is transportable and able to be integrated with other related SE results.  A list of 907 
tools that may be used to facilitate this process is available on the International Council on 908 
System Engineering Web site ( www.incose.org).  Smaller projects may successfully manage 909 
these relationships with a simple spreadsheet or database application instead of a dedicated  910 
tool.  (The Validation Table (Table 4.12-1) and the VRTM (Table 4.12-2) further illustrate this 911 
topic.) 912 
4.12.5 Unique Tailoring Guidance 913 
The Verification team of a specific project may select the particular means of Verification for that 914 
project.  For small projects, the project team may perform the function of the Verification team.  915 
The project team may perform both the SE and the Verification team functions.  Regardless of 916 
the scope of the project and depending on the required or desired visibility into the Validation 917 
and Verification process, the project team may consider merging the Validation table, VRTM, 918 
and compliance data into one consolidated table.  Such a consolidated view may be readily  919 
produced with any of the following: a simple spreadsheet application (e.g., Microsoft Excel), a 920 
robust requirements traceability application (e.g., DOORS), or a relational database application 921 
(e.g., Oracle or Microsoft Access).  These tools or similar tools may be used to produce this 922 
macro-level view with the capability to filter to some lesser view as needed.  Table 4.12-3 923 
illustrates this overarching consolidation view. 924 
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Table 4.12-3.  Sample Validation and Verification Traceability and Compliance Table 925 

Validation Verification Traceability Verification Compliance 

Method Level Verif Reqmts 
Traceability 

Verif Task Plan Ref Report Ref Verif Status Source   
Doc (*) 

PUI Reqmt Valid 
(Y/N) 

Valid      
Source(s) 

Location 
in 

Source 

Corr 
Action 

Actionee 

Test Anal Demo Exam       

                  

 926 

 927 
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